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Cancer Survivor Study
Clare Frobisher 1, Emma R Lancashire2, Helen Jenkinson3, David L Winter1, Julie Kelly1, Raoul C Reulen1 and
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The British Childhood Cancer Survivor Study (BCCSS) provides the first detailed investigation of employment and occupation
to be undertaken in a large population-based cohort. Previous studies have been limited by design issues such as using small
numbers of survivors with specific diagnoses, and involved limited assessment of employment status and occupational level.
The BCCSS includes 17,981 5-year survivors of childhood cancer. Employment status and occupational level were ascertained
by questionnaire from eligible survivors (n514,836). Multivariate logistic regression was used to explore factors associated
with employment and occupation, and to compare survivors to their demographic peers in the general population. Employ-
ment status was available for 10,257 survivors. Gender, current age, cancer type, radiotherapy, age at diagnosis and epilepsy
were consistently associated with being: employed; unable to work; in managerial or non-manual occupations. Overall, survi-
vors were less likely to be working than expected (OR (99% CI): 0.89 (0.81–0.98)), and this deficit was greatest for irradiated
CNS neoplasm survivors (0.34 (0.28–0.41)). Compared to the general population, survivors were fivefold more likely to be
unable to work due to illness/disability; the excess was 15-fold among CNS neoplasm survivors treated with radiotherapy.
Overall survivors were less likely to be in managerial occupations than expected (0.85 (0.77–0.94)). However, bone sarcoma
survivors were more likely to be in these occupations than expected (1.37 (1.01–1.85)) and also similarly for non-manual
occupations (1.90 (1.37–2.62)). Survivors of retinoblastoma (1.55 (1.20–2.01)) and ‘other’ neoplasm group (1.62 (1.30–2.03))
were also more likely to be in non-manual occupations than expected.
Introduction
Employment status and occupational level are measures of an
adult’s performance in today’s competitive society. As the
population of individuals diagnosed with cancer in childhood
and surviving into adulthood continues to expand,1,2 it
becomes increasingly important to investigate such outcomes
among this group of adult survivors of childhood cancer and,
in particular, determine how their performance compares to
that of the general population.
A meta-analysis investigating employment status in child-
hood cancer survivors reported that previous studies were
generally small, had relatively short lengths of follow-up or
were not population-based.3 In addition, few studies have
investigated the speciﬁc reasons why survivors are not in cur-
rent employment4,5 or considered occupational level in a
large-scale study.5,6 The British Childhood Cancer Survivor
Study (BCCSS) has enabled the ﬁrst detailed investigation of
employment status, together with a consideration of occupa-
tional level, to be undertaken in a large population-based
cohort with a considerable period of follow-up, containing
most adult survivors of childhood cancer in Britain. General
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population comparisons have been undertaken and factors
inﬂuencing employment status and occupational level have
been determined.
Material and Methods
The BCCSS, described in detail elsewhere,7 is a cohort of
ﬁve-year survivors of childhood cancer diagnosed in Britain
between 1940 and 1991, and identiﬁed through the National
Registry of Childhood Tumours. A study questionnaire was
sent, via the general practitioner, to survivors who were resi-
dent in Britain and aged at least 16 years. Of 14,836 eligible
survivors, 70.7% (10,488) returned a completed question-
naire.7 The median age at questionnaire completion was 28.9
years (range 16.0–74.2 years); 29.4% of the survivors were
aged 35 years or older at questionnaire completion. Appro-
priate ethical approval was obtained for the study (West
Midlands Multi-centre Research Ethics Committee approval
followed by approval from all Local Research Ethics Commit-
tees nationally (212 in total)).
For the external comparisons with the general population,
data were taken from the General Household Survey
(GHS).8,9 The GHS was an annual survey carried out by the
Ofﬁce for National Statistics (ONS) which ran from 1971 to
2012 to collect varying information from people living in pri-
vate households in Great Britain. The GHS sampled approxi-
mately 13,000 addresses each year and aimed to interview all
adults (16 years or over) at every household at the sampled
address. We chose the GHS database for the year for which
we had the largest proportion (50.4%) of BCCSS question-
naires completed and returned. The questions included in the
employment section of the BCCSS questionnaire obtained
comparable information to that collected in the GHS. The
BCCSS questionnaire can be viewed in full at: http://www.bir-
mingham.ac.uk/research/activity/mds/projects/HaPS/PHEB/
CCCSS/bccss/documents.aspx
Employment status was available for 10,257 survivors and
15,730 GHS participants aged at least 16 years (Fig. 1), from
a closed-response to the question: ‘What is your current
employment status? Working full-time or part-time; unem-
ployed and looking for work; unable to work due to illness
or disability; caring for home or family not seeking paid
work; student; retired. Survivors were classiﬁed as either YES
or NO in relation to each of these six possibilities and each
of these six binary outcomes formed the outcome variable for
the logistic regression in Tables 1, 3 and in Supporting
Information e-table 2. However, retired individuals (n5 68)
were not included in the analysis as the numbers were too
small for meaningful analysis.
Details relating to current employment, otherwise most
recent employment, were obtained to enable individuals to be
classiﬁed into deﬁned occupational levels (managerial or pro-
fessional, intermediate, routine or manual) using the National
Statistics Socio-economic Classiﬁcation (NS-SEC). NS-SEC is
an occupational-based classiﬁcation used in Britain for ofﬁcial
statistics.9 Individuals who were a student (1,752 survivors,
893 GHS participants) were excluded from all analyses relat-
ing to occupation as many would never have been in
employment and for those who provided employment infor-
mation it could potentially be misleading in relation to occu-
pational level they might ultimately achieve. For unemployed
individuals who participated in the GHS, occupational level
(based on most recent employment) is only available for
individuals who were unemployed for a period of <12
months; whereas occupational level was available for all
unemployed childhood cancer survivors irrespective of the
period of unemployment. Therefore, to ensure comparability
between the two datasets, unemployed individuals were
excluded from all external analyses relating to occupational
level (446 survivors, 443 GHS participants). Two binary out-
comes were considered in relation to occupational level: those
classiﬁed to a managerial or professional occupation and the
remainder; those classiﬁed to non-manual occupations
(including managerial/professional and intermediate occupa-
tions) and the remainder. Figure 1 details the numbers used
at each stage from the BCCSS and the GHS.
For both employment status and occupational level several
potential explanatory risk factors were identiﬁed a priori: sex;
age at questionnaire completion; childhood cancer type; che-
motherapy (yes, no); surgery (yes, no); radiotherapy (RT clas-
siﬁed into: cranial RT, non-cranial RT, no RT); age at
diagnosis; whether diagnosed with a second primary tumour
(SPT); whether diagnosed with epilepsy, repeated seizures or
ﬁts; whether diagnosed with at least one hearing problem
(hearing loss requiring a hearing aid, deafness in one or both
ears not corrected by a hearing aid, complete deafness in
either ear or problems hearing sounds in crowds); whether
diagnosed with at least one serious visual problem (registered
as blind or trouble seeing with one or both eyes even when
wearing glasses); whether or not the survivor reported a
recurrence of their original tumour.
What’s new?
Employment and job satisfaction contribute to individual wellbeing and performance in modern society. For survivors of child-
hood cancer, however, poor health can significantly hinder the ability to work, the present study suggests. Using data from
the British Childhood Cancer Survivor Study, the authors show that compared with the general population, survivors of child-
hood cancer were less likely to be working, with work activity limited particularly by illness and disability. Impacts were great-
est for survivors of central nervous system neoplasms treated by radiotherapy. The findings help identify factors that could be
targeted to maximize survivors’ employment potential.
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Statistical analysis
For the internal analysis potential explanatory risk factors for
employment status and occupational level were investigated
using multivariate logistic regression that included all factors
identiﬁed above with the exception of the treatment factors
(surgery, radiotherapy and chemotherapy) due to the strong
relationship between treatment and cancer type. To investi-
gate the effect of treatment all factors above with the excep-
tion of cancer type were included in the model. Tests for
heterogeneity (based on the likelihood-ratio statistic) having
adjusted for the other factors were undertaken. Likelihood-
ratio tests for both linear trend and departure from linearity
were also performed for factors where the categories had at
least ordinal properties.
For the external analysis, we compared both employment
status and occupational level within the survivor population
to that expected from the general population, logistic regres-
sion adjusting for age and sex was used. To take into account
household clustering in the GHS, a logistic regression model
with a generalised estimating equation modiﬁcation was used.
A weighting factor was used for the population data, both to
compensate for non-response in the GHS and to match the
GHS sample to known population distributions.9
For all statistical tests we have presented the p values
on adjustment for identiﬁed confounders and statistical sig-
niﬁcance was taken at the 1% level (2-sided test) due to
the large sample size. We have also performed the Benja-
mini-Hochberg10 correction for the false discovery rate
(FDR) in multiple comparisons setting the point-wise
threshold for the correction at 0.01. If previously using the
uncorrected p values the null hypothesis was rejected but
on adjustment using the FDR the null hypothesis was not
rejected then this was noted in the table of results and
discussed in the Results and Discussion sections. All analy-
ses were carried out using Stata (version 14; Stata Corp.,
College Station, TX).
Figure 1. (a) Flow chart detailing the numbers involved at each stage from the BCCSS. (b) Flow chart detailing the numbers involved at
each stage from the General Household Survey (GHS) for the year 2002.
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Results
Internal analysis
Of the 10,257 survivors for whom employment status was
available: 63% were working; 17% were students; 11% were
unable to work due to illness/disability; 5% were caring for
home/family; 4% were unemployed and looking for work; 1%
were retired (Supporting Information etable 1 - appendix).
When occupational level was considered 31% of survivors
were classiﬁed to managerial/professional occupations, 25%
to intermediate and 44% to manual/routine occupations.
Factors influencing each employment status
Employed. Factors found to inﬂuence whether a survivor
was working included: sex; current age; childhood cancer
type; surgery; radiotherapy; age at diagnosis; diagnosis of a
SPT, epilepsy, hearing problems, visual problems or recur-
rence (Table 1). Females were less likely (odds ratio [OR]
(99% CI): 0.58 (0.51–0.66)) to be working than males. Likeli-
hood of being employed initially increased with age and then
plateaued but declined after 45–49 years. All survivors with
the exception of those diagnosed with a bone sarcoma were
more likely to be in employment than CNS neoplasm
survivors. Survivors treated with surgery were less likely (OR
(99% CI): 0.79 (0.64–0.96)) to be employed than those who
did not have surgery treatment. Cranially irradiated survivors
were less likely (OR (99% CI): 0.62 (0.50–0.77)) to be in
employment than those who did not receive radiotherapy.
Likelihood of being in employment increased with age at
diagnosis. Individuals diagnosed with a SPT (OR (99% CI):
0.68 (0.52–0.88)), epilepsy (0.33 (0.27–0.42)), a hearing prob-
lem (0.75 (0.61–0.93)), visual problem (0.44 (0.36–0.54)) or
recurrence (0.69 (0.58–0.84)) were all less likely to be in
employment than those without such medical history.
Unemployed and looking for work. The only factors found
to inﬂuence unemployment in survivors were sex and current
age (Table 1). Females were less likely (OR (99% CI): 0.63
(0.48–0.82)) to be unemployed than males. After an initial
increase in survivors being unemployed with age, the likeli-
hood for this outcome decreased with increasing age.
Unable to work due to illness/disability. Sex, current age,
cancer type, surgery, radiotherapy, age at diagnosis, diagnosis
of a SPT, epilepsy, hearing problems, visual problems and
recurrence were all found to inﬂuence the likelihood of a sur-
vivor being unable to work due to illness/disability (Table 1).
Females were more likely (OR (99% CI): 1.33 (1.09–1.62)) to
be reporting this outcome than males. The likelihood of this
outcome increased with current age to 40–44 years after
which the likelihood plateaus. With regard to cancer type,
the majority of survivors were less likely to be unable to
work due to illness/disability than CNS neoplasm survivors,
particularly retinoblastoma survivors (OR (99% CI): 0.21
(0.13–0.35)); however, for bone sarcoma survivors there was
no evidence of a difference. Survivors treated with surgery
were more likely (OR (99% CI): 1.46 (1.09–1.94)) to be
unable to work due to illness/disability than those not so
treated. The OR of being unable to work due to illness/dis-
ability was more than doubled (OR (99% CI): 2.51 (1.84–
3.41)) for survivors treated with cranial radiotherapy com-
pared with those not treated with radiotherapy. The likeli-
hood of the outcome decreased with increasing age at
diagnosis. Survivors with a SPT (OR (99% CI): 1.63 (1.17–
2.27)), epilepsy (4.89 (3.84–6.23)), a hearing (1.77 (1.35–
2.32)) or sight problem (3.00 (2.33–3.86)) or a recurrence
(1.72 (1.33–2.22)) all had increased OR for being unable to
work due to illness/disability compared to those without such
medical history.
Student. Factors inﬂuencing whether a survivor was a stu-
dent were current age and age at diagnosis (Supporting Infor-
mation eTable 2 - Appendix). The likelihood of being a
student declined in relation to increases in both of these ages.
Caring for home or family and not seeking paid work. Only
sex and current age were signiﬁcantly associated with caring
for home/family (Supporting Information eTable 2 - Appen-
dix). Females were considerably more likely (OR (99% CI):
18.25 (10.78–30.92)) to be caring for home/family than
Figure 1. Continued.
C
an
ce
r
E
pi
de
m
io
lo
gy
Frobisher et al. 2681
Int. J. Cancer: 140, 2678–2692 (2017) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC
Ta
b
le
1
.
Fr
e
q
u
e
n
cy
o
f
su
rv
iv
o
rs
fo
r
th
e
o
u
tc
o
m
e
s
b
e
in
g
:
e
m
p
lo
ye
d
,
u
n
e
m
p
lo
ye
d
;
a
n
d
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
a
n
d
d
is
a
b
il
it
y,
a
n
d
th
e
co
rr
e
sp
o
n
d
in
g
O
R
s
(9
9
%
C
Is
)
fr
o
m
m
u
lt
iv
a
ri
a
b
le
lo
g
is
ti
c
re
g
re
ss
io
n
fo
r
th
e
se
o
u
tc
o
m
e
s
w
it
h
se
le
ct
e
d
d
e
m
o
g
ra
p
h
ic
,
ca
n
ce
r
a
n
d
h
e
a
lt
h
re
la
te
d
fa
ct
o
rs
in
th
e
ch
il
d
h
o
o
d
ca
n
ce
r
su
rv
iv
o
rs
S
u
rv
iv
o
rs
w
h
o
w
e
re
e
m
p
lo
ye
d
S
u
rv
iv
o
rs
w
h
o
w
e
re
u
n
e
m
p
lo
ye
d
a
n
d
lo
o
k
in
g
fo
r
w
o
rk
S
u
rv
iv
o
rs
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
o
r
d
is
a
b
il
it
y
Fa
ct
o
r
To
ta
l
n
u
m
b
e
r
o
f
su
rv
iv
o
rs
%
o
f
su
rv
iv
o
rs
w
h
o
w
e
re
e
m
p
lo
ye
d
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
e
m
p
lo
ye
d
vs
.
n
o
t1
9
9
%
C
I
%
o
f
su
rv
iv
o
rs
w
h
o
w
e
re
u
n
e
m
p
lo
ye
d
a
n
d
lo
o
k
in
g
fo
r
w
o
rk
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
u
n
e
m
p
lo
ye
d
vs
.
n
o
t1
9
9
%
C
I
%
o
f
su
rv
iv
o
rs
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
/
d
is
a
b
il
it
y
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
/
d
is
a
b
il
it
y
vs
.
n
o
t1
9
9
%
C
I
G
e
n
d
e
r
M
a
le
5
2
5
6
6
7
.2
1
.0
0
5
.2
1
.0
0
9
.4
1
.0
0
Fe
m
a
le
5
0
0
1
5
7
.7
0
.5
8
0
.5
1
–
0
.6
6
3
.4
0
.6
3
0
.4
8
–
0
.8
2
1
2
.0
1
.3
3
1
.0
9
–
1
.6
2
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
<
0
.0
0
1
<
0
.0
0
1
C
u
rr
e
n
t
a
g
e
(a
t
q
u
e
st
io
n
n
a
ir
e
co
m
p
le
ti
o
n
in
ye
a
rs
)
1
6
–
1
9
1
9
9
1
2
4
.9
1
.0
0
5
.2
1
.0
0
2
.7
1
.0
0
2
0
–
2
4
1
7
1
2
6
3
.4
5
.6
4
4
.6
0
–
6
.9
2
6
.7
1
.3
2
0
.9
0
–
1
.9
4
8
.4
4
.3
5
2
.6
5
–
7
.1
2
2
5
–
2
9
1
8
7
7
7
6
.7
1
1
.7
6
9
.4
2
–
1
4
.6
8
4
.1
0
.7
4
0
.4
7
–
1
.1
5
1
0
.9
5
.4
3
3
.3
5
–
8
.8
2
3
0
–
3
4
1
6
6
8
7
4
.8
1
0
.8
7
8
.6
4
–
1
3
.6
7
4
.0
0
.7
2
0
.4
6
–
1
.1
5
1
2
.3
6
.3
1
3
.8
7
–
1
0
.3
0
3
5
–
3
9
1
2
5
5
7
5
.4
1
1
.4
4
8
.8
8
–
1
4
.7
3
3
.0
0
.6
2
0
.3
6
–
1
.0
6
1
3
.2
6
.8
1
4
.1
0
–
1
1
.3
1
4
0
–
4
4
7
4
4
7
1
.0
9
.1
0
6
.8
2
–
1
2
.1
4
3
.0
0
.5
1
0
.2
6
–
1
.0
1
1
8
.2
1
0
.5
4
6
.2
3
–
1
7
.8
5
4
5
–
4
9
4
8
5
7
3
.0
1
0
.5
0
7
.4
1
–
1
4
.8
7
2
.9
0
.5
7
0
.2
5
–
1
.2
7
1
8
.6
1
0
.1
4
5
.6
9
–
1
8
.0
5
5
0
–
5
4
3
3
3
6
7
.9
7
.9
6
5
.4
3
–
1
1
.6
7
2
.4
0
.4
4
0
.1
5
–
1
.2
6
1
8
.9
1
0
.7
1
5
.7
7
–
1
9
.8
9

5
5
1
9
2
4
7
.9
3
.0
7
1
.9
4
–
4
.8
8
1
.6
0
.1
1
0
.0
1
–
1
.5
3
1
8
.8
1
2
.2
7
5
.9
3
–
2
5
.3
9
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
<
0
.0
0
1
<
0
.0
0
1
P
li
n
e
a
r
tr
e
n
d
(P
n
o
n
-l
in
e
a
ri
ty
)
<
0
.0
0
1
(<
0
.0
0
1
)
<
0
.0
0
1
(0
.0
7
2
)
<
0
.0
0
1
(<
0
.0
0
1
)
C
a
n
ce
r
ty
p
e
C
N
S
n
e
o
p
la
sm
2
1
5
3
5
1
.5
1
.0
0
5
.2
1
.0
0
2
6
.1
1
.0
0
Le
u
k
a
e
m
ia
2
8
1
9
6
0
.0
1
.5
7
1
.2
8
–
1
.9
2
5
.0
0
.9
2
0
.6
1
–
1
.3
8
6
.4
0
.5
1
0
.3
8
–
0
.6
9
H
o
d
g
k
in
’s
ly
m
p
h
o
m
a
7
2
4
8
1
.1
2
.0
3
1
.4
9
–
2
.7
8
3
.7
0
.8
4
0
.4
5
–
1
.5
8
4
.8
0
.2
8
0
.1
6
–
0
.4
7
N
o
n
-h
o
d
g
k
in
’s
ly
m
p
h
o
m
a
5
3
0
7
4
.5
1
.7
9
1
.2
9
–
2
.4
8
3
.4
0
.6
4
0
.3
1
–
1
.3
4
6
.0
0
.4
3
0
.2
5
–
0
.7
3
N
e
u
ro
b
la
st
o
m
a
4
2
0
5
4
.0
1
.4
6
1
.0
1
–
2
.1
0
4
.5
1
.0
0
0
.4
6
–
2
.1
5
5
.7
0
.4
3
0
.2
2
–
0
.8
1
R
e
ti
n
o
b
la
st
o
m
a
6
9
2
6
2
.7
2
.3
8
1
.7
2
–
3
.2
8
5
.8
1
.3
2
0
.7
2
–
2
.4
1
7
.1
0
.2
1
0
.1
3
–
0
.3
5
W
il
m
s’
tu
m
o
u
r
9
5
4
6
3
.0
1
.5
3
1
.1
7
–
2
.0
0
3
.5
0
.7
4
0
.4
1
–
1
.3
2
5
.4
0
.4
1
0
.2
6
–
0
.6
5
C
an
ce
r
E
pi
de
m
io
lo
gy
2682 Employment status in childhood cancer survivors
Int. J. Cancer: 140, 2678–2692 (2017) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC
Ta
b
le
1
.
Fr
e
q
u
e
n
cy
o
f
su
rv
iv
o
rs
fo
r
th
e
o
u
tc
o
m
e
s
b
e
in
g
:
e
m
p
lo
ye
d
,
u
n
e
m
p
lo
ye
d
;
a
n
d
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
a
n
d
d
is
a
b
il
it
y,
a
n
d
th
e
co
rr
e
sp
o
n
d
in
g
O
R
s
(9
9
%
C
Is
)
fr
o
m
m
u
lt
iv
a
ri
a
b
le
lo
g
is
ti
c
re
g
re
ss
io
n
fo
r
th
e
se
o
u
tc
o
m
e
s
w
it
h
se
le
ct
e
d
d
e
m
o
g
ra
p
h
ic
,
ca
n
ce
r
a
n
d
h
e
a
lt
h
re
la
te
d
fa
ct
o
rs
in
th
e
ch
il
d
h
o
o
d
ca
n
ce
r
su
rv
iv
o
rs
(C
o
n
ti
n
u
e
d
)
S
u
rv
iv
o
rs
w
h
o
w
e
re
e
m
p
lo
ye
d
S
u
rv
iv
o
rs
w
h
o
w
e
re
u
n
e
m
p
lo
ye
d
a
n
d
lo
o
k
in
g
fo
r
w
o
rk
S
u
rv
iv
o
rs
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
o
r
d
is
a
b
il
it
y
Fa
ct
o
r
To
ta
l
n
u
m
b
e
r
o
f
su
rv
iv
o
rs
%
o
f
su
rv
iv
o
rs
w
h
o
w
e
re
e
m
p
lo
ye
d
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
e
m
p
lo
ye
d
vs
.
n
o
t1
9
9
%
C
I
%
o
f
su
rv
iv
o
rs
w
h
o
w
e
re
u
n
e
m
p
lo
ye
d
a
n
d
lo
o
k
in
g
fo
r
w
o
rk
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
u
n
e
m
p
lo
ye
d
vs
.
n
o
t1
9
9
%
C
I
%
o
f
su
rv
iv
o
rs
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
/
d
is
a
b
il
it
y
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
/
d
is
a
b
il
it
y
vs
.
n
o
t1
9
9
%
C
I
B
o
n
e
sa
rc
o
m
a
3
8
9
7
2
.8
1
.2
9
0
.9
1
–
1
.8
5
1
.8
0
.4
5
0
.1
6
–
1
.2
8
1
0
.8
0
.7
8
0
.4
8
–
1
.3
0
S
o
ft
ti
ss
u
e
sa
rc
o
m
a
s
7
0
6
6
7
.1
1
.6
0
1
.2
0
–
2
.1
3
3
.5
0
.7
4
0
.3
9
–
1
.4
0
8
.6
0
.6
0
0
.3
9
–
0
.9
1
O
th
e
r
n
e
o
p
la
sm
8
7
0
7
0
.5
1
.9
2
1
.4
6
–
2
.5
1
3
.0
0
.6
7
0
.3
5
–
1
.2
5
6
.6
0
.3
7
0
.2
4
–
0
.5
7
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.1
5
5
<
0
.0
0
1
Tr
e
a
tm
e
n
t
S
u
rg
e
ry
N
o
3
3
5
5
7
0
.5
1
.0
0
4
.5
1
.0
0
9
.2
1
.0
0
Y
e
s
4
1
8
5
6
8
.1
0
.7
9
0
.6
4
–
0
.9
6
3
.7
0
.9
4
0
.6
1
–
1
.4
6
1
5
.0
1
.4
6
1
.0
9
–
1
.9
4
P
h
e
te
ro
g
e
n
e
it
y
0
.0
0
2
0
.7
2
8
<
0
.0
0
1
R
a
d
io
th
e
ra
p
y
(R
T)
N
o
R
T
2
1
7
6
6
9
.8
1
.0
0
3
.3
1
.0
0
1
0
.4
1
.0
0
N
o
n
-c
ra
n
ia
l
R
T
2
2
3
1
7
6
.6
0
.9
6
0
.7
7
–
1
.1
9
3
.0
1
.1
0
0
.6
7
–
1
.8
1
9
.6
1
.4
9
1
.0
8
–
2
.0
5
C
ra
n
ia
l
R
T
2
9
0
9
6
2
.6
0
.6
2
0
.5
0
–
0
.7
7
5
.5
1
.3
8
0
.8
5
–
2
.2
2
1
6
.5
2
.5
1
1
.8
4
–
3
.4
1
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.2
0
0
<
0
.0
0
1
C
h
e
m
o
th
e
ra
p
y
N
o
3
2
6
8
6
6
.0
1
.0
0
3
.6
1
.0
0
1
7
.1
1
.0
0
Y
e
s
3
8
3
4
7
1
.4
1
.0
9
0
.8
8
–
1
.3
4
4
.4
0
.9
4
0
.6
0
–
1
.4
6
8
.0
0
.8
2
0
.6
1
–
1
.1
0
P
h
e
te
ro
g
e
n
e
it
y
0
.2
9
0
0
.7
0
1
0
.0
8
6
A
g
e
a
t
ca
n
ce
r
d
ia
g
n
o
si
s
(y
e
a
rs
)
0
8
3
4
5
2
.6
1
.0
0
4
.1
1
.0
0
7
.6
1
.0
0
1
–
4
3
9
0
0
5
3
.9
1
.0
7
0
.8
3
–
1
.4
0
5
.0
1
.3
7
0
.7
7
–
2
.4
1
9
.1
1
.1
0
0
.6
9
–
1
.7
3
5
–
9
2
7
1
9
6
6
.8
1
.4
1
1
.0
5
–
1
.8
8
4
.8
1
.4
3
0
.7
7
–
2
.6
9
1
1
.6
0
.7
9
0
.4
8
–
1
.3
0
1
0
–
1
4
2
8
0
4
7
3
.4
1
.4
3
1
.0
5
–
1
.9
4
3
.1
1
.2
0
0
.6
1
–
2
.3
6
1
3
.0
0
.7
0
0
.4
2
–
1
.1
6
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.3
2
9
<
0
.0
0
1
P
li
n
e
a
r
tr
e
n
d
(P
n
o
n
-l
in
e
a
ri
ty
)
<
0
.0
0
1
(0
.0
7
6
)
0
.9
3
9
(0
.1
8
0
)
<
0
.0
0
1
(0
.1
5
3
)
S
e
co
n
d
p
ri
m
a
ry
tu
m
o
u
r
d
ia
g
n
o
se
d
N
o
9
6
4
8
6
2
.9
1
.0
0
4
.4
1
.0
0
1
0
.0
1
.0
0
C
an
ce
r
E
pi
de
m
io
lo
gy
Frobisher et al. 2683
Int. J. Cancer: 140, 2678–2692 (2017) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC
Ta
b
le
1
.
Fr
e
q
u
e
n
cy
o
f
su
rv
iv
o
rs
fo
r
th
e
o
u
tc
o
m
e
s
b
e
in
g
:
e
m
p
lo
ye
d
,
u
n
e
m
p
lo
ye
d
;
a
n
d
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
a
n
d
d
is
a
b
il
it
y,
a
n
d
th
e
co
rr
e
sp
o
n
d
in
g
O
R
s
(9
9
%
C
Is
)
fr
o
m
m
u
lt
iv
a
ri
a
b
le
lo
g
is
ti
c
re
g
re
ss
io
n
fo
r
th
e
se
o
u
tc
o
m
e
s
w
it
h
se
le
ct
e
d
d
e
m
o
g
ra
p
h
ic
,
ca
n
ce
r
a
n
d
h
e
a
lt
h
re
la
te
d
fa
ct
o
rs
in
th
e
ch
il
d
h
o
o
d
ca
n
ce
r
su
rv
iv
o
rs
(C
o
n
ti
n
u
e
d
)
S
u
rv
iv
o
rs
w
h
o
w
e
re
e
m
p
lo
ye
d
S
u
rv
iv
o
rs
w
h
o
w
e
re
u
n
e
m
p
lo
ye
d
a
n
d
lo
o
k
in
g
fo
r
w
o
rk
S
u
rv
iv
o
rs
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
o
r
d
is
a
b
il
it
y
Fa
ct
o
r
To
ta
l
n
u
m
b
e
r
o
f
su
rv
iv
o
rs
%
o
f
su
rv
iv
o
rs
w
h
o
w
e
re
e
m
p
lo
ye
d
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
e
m
p
lo
ye
d
vs
.
n
o
t1
9
9
%
C
I
%
o
f
su
rv
iv
o
rs
w
h
o
w
e
re
u
n
e
m
p
lo
ye
d
a
n
d
lo
o
k
in
g
fo
r
w
o
rk
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
u
n
e
m
p
lo
ye
d
vs
.
n
o
t1
9
9
%
C
I
%
o
f
su
rv
iv
o
rs
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
/
d
is
a
b
il
it
y
A
d
ju
st
e
d
o
d
d
s
ra
ti
o
fo
r
b
e
in
g
u
n
a
b
le
to
w
o
rk
d
u
e
to
il
ln
e
ss
/
d
is
a
b
il
it
y
vs
.
n
o
t1
9
9
%
C
I
Y
e
s
6
0
9
5
7
.6
0
.6
8
0
.5
2
–
0
.8
8
3
.9
1
.0
6
0
.5
8
–
1
.9
3
2
1
.7
1
.6
3
1
.1
7
–
2
.2
7
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.8
0
6
<
0
.0
0
1
E
p
il
e
p
sy
o
r
re
p
e
a
te
d
se
iz
u
re
s/
fi
ts
d
ia
g
n
o
se
d
N
o
9
0
3
0
6
5
.8
1
.0
0
4
.2
1
.0
0
7
.3
1
.0
0
Y
e
s
9
8
0
3
8
.2
0
.3
3
0
.2
7
–
0
.4
2
5
.4
1
.3
1
0
.8
5
–
2
.0
1
3
8
.1
4
.8
9
3
.8
4
–
6
.2
3
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.1
1
1
<
0
.0
0
1
A
t
le
a
st
o
n
e
h
e
a
ri
n
g
p
ro
b
le
m
d
ia
g
n
o
se
d
N
o
9
0
0
2
6
3
.9
1
.0
0
4
.3
1
.0
0
9
.1
1
.0
0
Y
e
s
9
6
5
5
3
.1
0
.7
5
0
.6
1
–
0
.9
3
4
.4
1
.0
3
0
.6
5
–
1
.6
3
2
2
.9
1
.7
7
1
.3
5
–
2
.3
2
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.8
8
0
<
0
.0
0
1
A
t
le
a
st
o
n
e
vi
si
o
n
p
ro
b
le
m
d
ia
g
n
o
se
d
N
o
8
6
8
4
6
5
.5
1
.0
0
4
.1
1
.0
0
8
.0
1
.0
0
Y
e
s
1
2
9
7
4
5
.6
0
.4
4
0
.3
6
–
0
.5
4
5
.9
1
.3
4
0
.8
9
–
2
.0
1
2
6
.4
3
.0
0
2
.3
3
–
3
.8
6
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.0
6
9
<
0
.0
0
1
R
e
cu
rr
e
n
ce
N
o
8
8
4
8
6
4
.1
1
.0
0
4
.2
1
.0
0
9
.5
1
.0
0
Y
e
s
1
3
3
4
5
3
.3
0
.6
9
0
.5
8
–
0
.8
4
5
.0
1
.0
7
0
.7
3
–
1
.5
7
1
7
.7
1
.7
2
1
.3
3
–
2
.2
2
P
h
e
te
ro
g
e
n
e
it
y
<
0
.0
0
1
0
.6
4
9
<
0
.0
0
1
1
Fo
r
a
ll
fa
ct
o
rs
in
th
e
a
b
o
ve
ta
b
le
,
w
it
h
th
e
e
xc
e
p
ti
o
n
o
f
th
e
tr
e
a
tm
e
n
t
fa
ct
o
rs
(s
u
rg
e
ry
,
ch
e
m
o
th
e
ra
p
y
a
n
d
ra
d
io
th
e
ra
p
y)
,
th
e
m
u
lt
iv
a
ri
a
b
le
lo
g
is
ti
c
re
g
re
ss
io
n
in
cl
u
d
e
d
a
ll
fa
ct
o
rs
w
it
h
o
u
t
su
rg
e
ry
,
ch
e
-
m
o
th
e
ra
p
y
a
n
d
ra
d
io
th
e
ra
p
y
a
n
d
th
e
re
su
lt
in
g
o
d
d
s
ra
ti
o
s
a
n
d
p
va
lu
e
s
a
re
fr
o
m
th
is
m
o
d
e
l.
Fo
r
th
e
tr
e
a
tm
e
n
t
fa
ct
o
rs
,
th
e
m
u
lt
iv
a
ri
a
b
le
lo
g
is
ti
c
re
g
re
ss
io
n
in
cl
u
d
e
d
a
ll
fa
ct
o
rs
w
it
h
th
e
e
xc
e
p
ti
o
n
o
f
ca
n
ce
r
ty
p
e
a
n
d
th
e
re
su
lt
in
g
o
d
d
s
ra
ti
o
s
a
n
d
p
va
lu
e
s
fo
r
th
e
tr
e
a
tm
e
n
t
fa
ct
o
rs
a
re
fr
o
m
th
is
m
o
d
e
l.
C
an
ce
r
E
pi
de
m
io
lo
gy
2684 Employment status in childhood cancer survivors
Int. J. Cancer: 140, 2678–2692 (2017) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC
males. Up to 34 years the likelihood of caring for home/fami-
ly increased with age, thereafter it plateaued.
Factors influencing each occupational level outcome
Managerial/professional. The likelihood of survivors being
classiﬁed to managerial/professional occupations was associat-
ed with: sex; current age; cancer type; radiotherapy; chemo-
therapy: age at diagnosis and diagnosis with epilepsy (Table
2). Females were less likely (OR (99% CI): 0.80 (0.69–0.91))
than males to be classiﬁed as managerial/professional. The
likelihood of being classiﬁed as managerial/professional
increased with age to 29 years, and thereafter, it plateaued
until the age of 45 years when it decreased again. All diagno-
ses were more likely to be classiﬁed as managerial/profession-
al occupations than survivors of a CNS neoplasm; in
particular for retinoblastoma survivors (OR (99% CI): 2.79
(1.97–3.97)). Those treated with cranial irradiation were less
likely (OR (99% CI): 0.65 (0.52–0.82)) than those who
received no radiotherapy to be managerial/professional. Sur-
vivors who received chemotherapy were more likely (OR
(99% CI): 1.27 (1.04–1.55)) to be managerial/professional
than those not so treated. The likelihood of being in a mana-
gerial/professional occupation increased with increasing age
at diagnosis. The odds for being in a managerial/professional
occupation for survivors with epilepsy was approximately
half (OR (99% CI): 0.57 (0.42–0.78)) that of those without
such a diagnosis.
Non-manual including managerial/professional and
intermediate level occupations. Being classiﬁed to a non-
manual occupation was associated with: sex; current age; can-
cer type; radiotherapy; age at diagnosis and diagnosis with
epilepsy (Table 2). For this occupational level, in contrast to
when the managerial/professional level was considered sepa-
rately, females were more likely (OR (99% CI): 1.15 (1.01–
1.31)) than males to be classiﬁed as non-manual. Survivors
aged under 20 years at questionnaire completion were least
likely to be classiﬁed as non-manual, whilst there was little
variation after 25 years. All diagnoses, with the exception of
leukaemia and Hodgkin’s lymphoma, were more likely than
CNS neoplasm survivors to be classiﬁed to non-manual. Sur-
vivors treated with cranial irradiation were less likely (OR
(99% CI): 0.63 (0.52–0.78)) than those who received no
radiotherapy to be classiﬁed as non-manual. Survivors diag-
nosed at 10–14 years were more likely (OR (99% CI): 1.47
(1.06–2.04)) to be classiﬁed as non-manual than those diag-
nosed below one year. Survivors with epilepsy were less likely
(OR (99% CI): 0.70 (0.54–0.89)) to be classiﬁed to non-
manual than those without such a diagnosis.
External analysis
Employment status. For survivors overall, there was no evi-
dence of any difference to the general population for being
either a student or unemployed (Table 3). However, deﬁcits
in comparisons with general population data were observed
for all survivors for both working (OR (99% CI): 0.89 (0.81–
0.98)) and caring for home/family (0.63 (0.53–0.74)). A con-
siderable excess compared to expected (OR (99% CI): 4.99
(4.06–6.13)) was observed for survivors being unable to work
due to illness/disability.
When employment status was considered by diagnosis,
with the exception of Hodgkin’s lymphoma, all other diagno-
ses were at increased risk of being unable to work due to ill-
ness/disability. The highest odd ratios were observed among
CNS neoplasm survivors treated with (OR (99% CI): 15.40
(11.94–19.85)) and without (8.29 (6.08–11.31)) cranial irradi-
ation, but even for non-Hodgkin’s lymphoma survivors who
had the lowest increased risk, the OR was still 2.2-fold (99%
CI: 1.34–3.75) compared to the general population. When the
deﬁcits for working observed among the whole cohort were
broken down by diagnosis, it became evident that the only
group with a deﬁcit was CNS neoplasm. The OR was 34%
that expected for those treated with cranial irradiation and
64% that expected for those who received no radiotherapy.
Cranially irradiated CNS neoplasm survivors were also the
only group with an increased likelihood (OR (99% CI): 1.50
(1.04–2.18)) of unemployment compared to the general pop-
ulation. However, on using the FDR correction this associa-
tion was not statistically signiﬁcant. Deﬁcits in the
proportion caring for home/family were observed for leukae-
mia (OR (99% CI): 0.60 (0.45–0.82)) and CNS neoplasm sur-
vivors (0.45 (0.29–0.71)) treated with radiotherapy and also
for Wilms’ tumour (0.65 (0.43–0.98)) (although on FDR cor-
rection this later association was not statistically signiﬁcant)
and soft tissue sarcoma survivors (0.54 (0.32–0.92)).
Although no difference was observed for being a student
when survivors were considered overall, differences were
observed for speciﬁc diagnoses: leukaemia survivors treated
with radiotherapy were found to be less likely (OR (99% CI):
0.78 (0.61–0.99)) (although on FDR correction this was not
statistically signiﬁcant) than expected to be a student; and
neuroblastoma (1.64 (1.15–2.34)), retinoblastoma (1.50 (1.10–
2.05)) and Wilms’ tumour survivors (1.40 (1.07–1.84)) were
more likely than expected to be a student. Also survivors of
Hodgkin’s lymphoma (OR (99% CI): 1.55 (1.18–2.04)), non-
Hodgkin’s lymphoma (1.39 (1.04–1.85)) and the ‘other’ neo-
plasm Group (1.30 (1.04–1.64)) were more likely than the
general population to be in employment.
Occupational level. Overall survivors were less likely than
expected to be classiﬁed to a managerial/professional occupa-
tion (OR (99% CI): 0.85 (0.77–0.94)) but there was no evi-
dence of a difference between survivors and the general
population for non-manual occupations (Table 4).
When considered by diagnosis it became clear that the
deﬁcits observed in managerial/professional occupations were
limited to cranially irradiated leukaemia survivors (OR (99%
CI): 0.68 (0.56–0.82)) and CNS neoplasm survivors treated
with (0.41 (0.32–0.52)) or without radiotherapy (0.59 (0.45–
0.78)). In fact bone sarcoma survivors were more likely (OR
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Table 2. Frequency of survivors for the outcomes being classified to: managerial/professional occupation; and to non-manual occupation,
and the corresponding ORs (99% CIs) from multivariable logistic regression for these outcomes with selected demographic, cancer and health
related factors in the childhood cancer survivors
Managerial/professional occupational level Non-manual occupational level
Factor
Total
number of
survivors1
% of
survivors
who were
classified
to this level
Adjusted
odds ratio
for being
classified
to this level
vs. a lower
level2 99% CI
% of
survivors
who were
classified
to this level
Adjusted
odds ratio
for being
classified
to this level
vs. a manual
occupational
level2 99% CI
Gender
Male 4014 32.5 1.00 53.2 1.00
Female 3685 29.0 0.80 0.69–0.91 58.1 1.15 1.01–1.31
Pheterogeneity <0.001 0.005
Current age
(at questionnaire
completion in years)
16–19 550 3.8 1.00 22.7 1.00
20–24 1234 23.3 7.73 4.17–14.32 49.0 3.27 2.39–4.48
25–29 1640 36.5 13.45 7.32–24.71 60.2 4.77 3.50–6.50
30–34 1493 34.2 12.55 6.81–23.11 59.8 4.69 3.42–6.42
35–39 1156 34.9 12.60 6.80–23.36 59.7 4.52 3.26–6.26
40–44 680 37.4 14.04 7.45–26.44 61.8 4.77 3.33–6.82
45–49 448 33.5 10.77 5.59–20.76 61.2 4.41 2.98–6.52
50–54 315 28.6 8.74 4.40–17.38 56.8 3.47 2.26–5.31
 55 183 31.7 10.49 4.98–22.09 56.8 3.69 2.20–6.21
Pheterogeneity <0.001 <0.001
Plinear trend (Pnon-linearity) <0.001 (<0.001) <0.001 (<0.001)
Cancer type
CNS neoplasm 1528 21.9 1.00 48.4 1.00
Leukaemia 1943 25.0 1.34 1.06–1.71 47.5 1.15 0.93–1.42
Hodgkin’s lymphoma 660 37.4 1.59 1.20–2.12 57.9 1.23 0.94–1.60
Non-Hodgkin’s lymphoma 450 34.9 1.66 1.20–2.28 59.1 1.50 1.11–2.02
Neuroblastoma 270 33.7 2.30 1.49–3.54 57.8 2.01 1.34–3.02
Retinoblastoma 528 38.1 2.79 1.97–3.97 65.2 2.36 1.69–3.29
Wilms’ tumour 706 32.9 2.09 1.54–2.84 58.8 1.95 1.48–2.57
Bone sarcoma 347 42.7 2.20 1.56–3.10 71.8 2.43 1.69–3.48
Soft tissue sarcomas 557 37.9 2.12 1.57–2.86 59.6 1.69 1.27–2.25
Other neoplasm 710 37.5 1.98 1.50–2.62 66.3 2.07 1.58–2.71
Pheterogeneity <0.001 <0.001
Treatment
Surgery No 2753 29.7 1.00 53.7 1.00
Yes 3567 34.1 1.13 0.93–1.36 59.9 1.10 0.91–1.32
Pheterogeneity 0.108 0.207
Radiotherapy (RT) No RT 1836 34.2 1.00 60.6 1.00
Non-cranial RT 2037 39.7 1.16 0.96–1.41 64.9 1.14 0.94–1.39
Cranial RT 2250 23.6 0.65 0.52–0.82 47.5 0.63 0.52–0.78
Pheterogeneity <0.001 <0.001
Chemotherapy No 2765 31.7 1.00 58.8 1.00
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Table 2. Frequency of survivors for the outcomes being classified to: managerial/professional occupation; and to non-manual occupation,
and the corresponding ORs (99% CIs) from multivariable logistic regression for these outcomes with selected demographic, cancer and health
related factors in the childhood cancer survivors (Continued)
Managerial/professional occupational level Non-manual occupational level
Factor
Total
number of
survivors1
% of
survivors
who were
classified
to this level
Adjusted
odds ratio
for being
classified
to this level
vs. a lower
level2 99% CI
% of
survivors
who were
classified
to this level
Adjusted
odds ratio
for being
classified
to this level
vs. a manual
occupational
level2 99% CI
Yes 3164 32.3 1.27 1.04–1.55 55.8 1.16 0.95–1.40
Pheterogeneity 0.002 0.054
Age at cancer
diagnosis (years)
0 524 36.3 1.00 60.1 1.00
1–4 2484 25.0 0.79 0.59–1.08 49.2 0.88 0.65–1.18
5–9 2174 28.0 1.00 0.72–1.40 52.6 1.10 0.80–1.51
10–14 2517 37.9 1.34 0.95–1.87 63.4 1.47 1.06–2.04
Pheterogeneity <0.001 <0.001
Plinear trend (Pnon-linearity) <0.001 (<0.001) <0.001 (0.005)
3
Second primary
tumour diagnosed
No 7209 30.7 1.00 55.3 1.00
Yes 490 32.2 0.99 0.75–1.31 59.2 1.06 0.81–1.38
Pheterogeneity 0.922 0.595
Epilepsy or repeated
seizures/fits diagnosed
No 6982 32.1 1.00 56.6 1.00
Yes 586 18.6 0.57 0.42–0.78 45.4 0.70 0.54–0.89
Pheterogeneity <0.001 0.002
At least one hearing
problem diagnosed
No 6805 31.6 1.00 56.3 1.00
Yes 695 26.6 0.83 0.65–1.07 52.5 0.88 0.71–1.11
Pheterogeneity 0.0574 0.160
At least one vision
problem diagnosed
No 6666 31.3 1.00 55.4 1.00
Yes 849 29.8 0.94 0.73–1.20 59.0 1.15 0.91–1.44
Pheterogeneity 0.510 0.119
Recurrence
No 6732 31.1 1.00 55.9 1.00
Yes 919 29.6 0.94 0.76–1.16 54.2 0.96 0.79–1.18
Pheterogeneity 0.449 0.639
1Includes all survivors who are not a student and provided sufficient information on current or most recent employment to enable classification to
one of the NSSEC occupational levels.
2For all factors in the above table, with the exception of the treatment factors (surgery, chemotherapy and radiotherapy), the multivariable logistic
regression included all factors without surgery, chemotherapy and radiotherapy and the resulting odds ratios and p values are from this model. For
the treatment factors, the multivariable logistic regression included all factors with the exception of cancer type and the resulting odds ratios and p
values for the treatment factors are from this model.
3On using the False Discovery Rate method the corrected p values indicated that the null hypothesis was not rejected for this particular test of non-
linearity.
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(99% CI): 1.37 (1.01–1.85)) than expected to be in manageri-
al/professional occupations; although on FDR correction this
association was not statistically signiﬁcant. With regard to
classiﬁcation to a non-manual occupation deﬁcits compared
to that expected were observed for both leukaemia (OR (99%
CI): 0.80 (0.67–0.94)) and CNS neoplasm survivors treated
with cranial irradiation (0.57 (0.46–0.70)). In contrast, for
survivors of retinoblastoma (OR (99% CI): 1.55 (1.20–2.01)),
bone sarcoma (1.90 (1.37–2.62)) and the ‘other’ neoplasm
Group (1.62 (1.30–2.03)) an excess compared to that
expected was observed.
Discussion
One of the most striking ﬁndings of this the ﬁrst, large-scale
and population-based study to consider employment status
in detail among adult survivors of childhood cancer in Brit-
ain, relates to the increased likelihood, compared to the gen-
eral population, of survivors being unable to work due to
illness or disability. The odds for survivors overall were ﬁve
times that expected and when considered by speciﬁc cancer,
Hodgkin’s lymphoma survivors were the only group without
an excess, with the odds for CNS neoplasm survivors being
15 times expected for those treated with radiotherapy and
8 times expected for those not receiving radiotherapy.
To our knowledge, only one other population-based study
of 1,716 childhood cancer survivors (born between 1963 and
1976 and aged 26–39 years at time of study) in Sweden has
included both a wide spectrum of cancer types and a
measure of being unable to work due to illness or disability.11
They reported that the proportion receiving economic com-
pensation due to disability among cancer survivors overall
was ﬁve times that expected from the general population
(15% vs. 3%); the lowest proportion was observed among
lymphoma survivors (4.5%); the highest proportion was
observed among CNS neoplasm survivors (28.3%). These
ﬁndings were generally conﬁrmed by the BCCSS.
In a French multicentre study which included 2,066 child-
hood cancer survivors (with limited leukaemia survivors),
who were treated between 1948 and 2000 and aged between
25 and 64 years at time of study, a signiﬁcantly higher level
of unemployment because of health was reported at 6.5%
compared to 4.2% expected from the general population.5
Again CNS neoplasm survivors had a signiﬁcantly higher
proportion who were unemployed due to their health
(28.1%) compared to that expected (4.3%). However, in the
French study, there was no evidence of a difference between
the expected and observed proportions for survivors of
Hodgkin’s lymphoma, bone or soft tissue sarcoma, leukaemia
and other diagnoses in relation to unemployment because of
health. In the BCCSS survivors of each speciﬁc type of child-
hood cancer were signiﬁcantly more likely to be unemployed
due to illness/disability than expected from the general popu-
lation, with the exception of Hodgkin’s lymphoma. However,
the BCCSS is population-based meaning there is much less
potential for confounding inﬂuences to bias comparisons
between observed and expected.
Table 4. Odds ratios (OR) and 99% confidence intervals (CI) for adult survivors of childhood cancer being classified to a managerial or profes-
sional occupational level and also being classified to non-manual occupational level using the National Statistics Socio-economic Classifica-
tion (NSSEC) compared to the general population of Britain, overall and by childhood cancer type, survivors treated with and without
radiotherapy are considered separately for CNS neoplasms1
Those classified to the managerial/Profes-
sional occupational level4
Those classified to the non-manual
occupational level4
Cancer type1 OR (99% CI) p value OR (99% CI) p value
All cancer types 0.85 (0.77–0.94) <0.0005 1.03 (0.93–1.13) 0.471
Leukaemia3RT5Yes 0.68 (0.56–0.82) <0.0005 0.80 (0.67–0.94) <0.0005
Hodgkin’s lymphoma 0.95 (0.76–1.20) 0.589 1.00 (0.80–1.24) 0.956
Non-Hodgkin’s lymphoma 0.94 (0.71–1.23) 0.540 1.18 (0.91–1.54) 0.105
CNS neoplasm2 RT5Yes 0.41 (0.32–0.52) <0.0005 0.57 (0.46–0.70) <0.0005
RT5No 0.59 (0.45–0.78) <0.0005 0.89 (0.69–1.13) 0.203
Neuroblastoma 1.08 (0.75–1.56) 0.589 1.24 (0.87–1.77) 0.119
Retinoblastoma 1.19 (0.92–1.53) 0.076 1.55 (1.20–2.01) <0.0005
Wilms tumour 0.96 (0.77–1.21) 0.682 1.23 (0.98–1.53) 0.017
Bone sarcomas 1.37 (1.01–1.85) 0.0085 1.90 (1.37–2.62) <0.0005
Soft tissue sarcomas 1.14 (0.89–1.46) 0.177 1.20 (0.95–1.53) 0.047
Other neoplasm 1.18 (0.95–1.48) 0.049 1.62 (1.30–2.03) <0.0005
1Population data from the GHS (2002) was used for the reference group.
2Excludes survivors for whom no record is available regarding radiotherapy.
3There were insufficient leukaemia survivors known to have been unexposed to cranial irradiation for separate meaningful assessment.
4Excludes students and unemployed individuals but includes all other individuals who provided sufficient employment information to classify them
according to NSSEC.
5On using the False Discovery Rate method this association was no longer statistically significant.
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The Childhood Cancer Survivor Study (CCSS) in North
America,4 although not population-based included 6,339 sur-
vivors with a variety of diagnoses taken from multiple centres
(treated between 1970 and 1986 and aged 25–54 years at
study). In a comparison of survivors to their siblings, the
CCSS reported a broadly similar excess of survivors being
unable to work due to illness/disability (relative risk (95%
CI): 6.07 (4.32–8.53)) compared to that seen in the BCCSS
general population comparison (OR (99% CI): 4.99 (4.06–
6.13)). The likelihood of being unable to work due to illness/
disability was signiﬁcantly increased for each speciﬁc cancer
type in the CCSS including Hodgkin’s lymphoma whereas
the BCCSS found no evidence of a difference for Hodgkin’s
lymphoma.
Several smaller studies of childhood cancer survivors have
included varying types of measure for survivors being unable
to work due to illness or disability.12–17 All of these studies
found an increased likelihood among survivors when com-
pared to controls for being unable to work due to illness/dis-
ability which is consistent with our ﬁndings.
The CCSS is the largest study other than the current study to
have considered individuals who were unemployed and looking
for work as a separate group.4 In contrast to the BCCSS which
found no difference between survivors and the general popula-
tion (OR (99% CI): 0.89 (0.72–1.09)), the CCSS found that sur-
vivors overall had a higher risk of being unemployed and
seeking work (RR (95% CI): 1.90 (1.43–2.54)) and when differ-
ent cancer types were considered separately the only cancers
not at an increased risk compared to siblings were Hodgkin’s
lymphoma, neuroblastoma and soft tissue sarcoma. Although
not as large, the French study,5 actually reported a signiﬁcantly
lower proportion of survivors unemployed and seeking work
(7.1%) than in the general population (9.5%); and by diagnosis
type this signiﬁcant lower prevalence was also seen for the diag-
nosis group which included nephroblastoma, neuroblastoma,
non-Hodgkin’s lymphoma, retinoblastoma and thyroid
tumours (6.6% vs. 9.5%). Differences between countries in over-
all unemployment in childhood cancer survivors have been
reported from a meta-analysis3; for U.S. studies unemployment
was three times higher (OR (95% CI): 3.24 (2.16–4.86)) than in
control groups whereas for the European studies no difference
in unemployment was observed (OR (95% CI): 1.00 (0.58–
1.70)). Besides different treatment protocols between countries
and the subsequent potentially varying risks of late effects for
childhood cancer survivors, economic differences in obtaining
health care and varying unemployment beneﬁts in different
countries could contribute to these differences seen.
When the proportion of BCCSS survivors in employment
was compared to the general population of Britain a deﬁcit
was observed. However when this was investigated in more
detail it was found that the deﬁcit was in fact restricted to
only CNS neoplasm survivors. It is reassuring that for all
other diagnostic groups either no difference to that expected
was observed (cranially irradiated leukaemia survivors; survi-
vors of neuroblastoma, retinoblastoma, Wilms’, bone or soft
tissue sarcoma) or for three groups (Hodgkin’s lymphoma;
non-Hodgkin’s lymphoma; the ‘other’ neoplasm group) an
increased chance of employment compared to expected was
observed. The population-based study conducted in Sweden11
that looked at employment status among adult survivors of
childhood cancer by diagnostic group (leukaemia/lymphoma;
CNS neoplasm; other cancers) also found that the only differ-
ence between survivors and controls was for CNS neoplasm
survivors with a deﬁcit of employment compared to controls
(85% expected). In the French multicentre study5 again a sig-
niﬁcantly lower proportion of CNS survivors were employed
(53.9%) than the general population (79.0%), and no signiﬁ-
cant difference in employment between observed and
expected population rates was seen for survivors of Hodgkin’s
lymphoma, bone or soft tissue sarcomas, leukaemia and the
‘other’ diagnosis group.
When occupational level was considered among BCCSS
survivors overall, although survivors were less likely than
expected (OR (99% CI): 0.85 (0.77–0.94)) to have a manage-
rial/professional occupation, when individuals classiﬁed to
intermediate level occupations were also included and com-
pared to the group of routine/manual occupations there was
no evidence of a difference between survivors and the general
population of Britain (1.03 (0.93–1.13)). The investigations
by diagnostic group revealed that the deﬁcit observed for sur-
vivors being classiﬁed to managerial/professional occupations
was restricted to leukaemia survivors treated with cranial
irradiation and survivors of CNS neoplasm treated either
with or without radiotherapy. It is encouraging that for the
other diagnostic groups there was no evidence of a difference
from that expected in terms of managerial/professional occu-
pation classiﬁcation with the exception of bone sarcoma sur-
vivors who were in fact found to have an increased
likelihood over that expected (OR (99% CI): 1.37 (1.01–
1.85)). However, caution should be exercised in interpreting
this last statement in relation to bone sarcoma survivors since
on FDR correction this association was no longer statistically
signiﬁcant. With regard to the proportion in non-manual
occupations deﬁcits were again observed for cranially irradi-
ated leukaemia and CNS neoplasm survivors. However, reas-
suringly, for other diagnostic groups there was either no
evidence of a difference or for some groups (retinoblastoma,
bone sarcoma, other neoplasm) an excess was observed for
survivors compared to the general population.
In the BCCSS compared to the general population, survi-
vors overall were less likely to be in the highest occupational
level (managerial/professional). However, in the French
study5 they reported that overall signiﬁcantly more survivors
(23.1%) than expected (15.4%) were in professional and man-
agerial occupations; and this excess was also seen in the bone
and soft tissue sarcoma survivor Group (27.7% vs. 15.9%)
and for the ‘other’ diagnosis group which included retino-
blastoma (24.7% vs. 15.3%). Although the French study did
report a signiﬁcant deﬁcit in professional occupations in CNS
neoplasm survivors (6.2% vs. 15.6%) as was seen in the
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BCCSS. In the CCSS,6 all survivors were less likely to be in
professional occupations than siblings to a similar degree (RR
(95% CI): 0.93 (0.89–0.98)) as that reported in the BCCSS
general population comparison. By cancer type, the CCSS
found that leukaemia, non-Hodgkin’s lymphoma as well as
CNS neoplasm survivors reported signiﬁcantly fewer profes-
sional occupations than siblings. Similar to the French study
and the BCCSS, bone cancer survivors from the CCSS were
more likely to be in a professional occupation than siblings
(RR (95% CI): 1.26 (1.03–1.54)).
The BCCSS considered factors related to both the various
categories of employment status and occupational level. Similar
to the BCCSS, in the French study,5 those: treated with cranial
irradiation, with a CNS neoplasm, younger at study or who
were female were less likely to be managers than the corre-
sponding complementary groups. Also in the CCSS,6 survivors:
diagnosed at a younger age, with a CNS neoplasm or treated
with cranial irradiated were less likely to hold managerial occu-
pations. However in the CCSS, female survivors were in fact
more likely to have a managerial occupation than males.
In terms of employment status, we found that female sur-
vivors were more likely than male survivors to be caring for
home or family and unable to work due to illness or disabili-
ty but less likely to be in employment and less likely to be
unemployed and looking for work. Numerous other studies
found that, as in the BCCSS, males were more likely than
females to be in employment and less likely to be unem-
ployed due to health.4,5,18–21 In the BCCSS, CNS neoplasm
survivors were more likely than the majority of other types
of childhood cancer to be unable to work due to illness or
disability and they were less likely than survivors of leukae-
mia, Hodgkin’s lymphoma, retinoblastoma or the ‘other’ neo-
plasm group to be in current employment. From a meta-
analysis on employment in childhood cancer survivors, it was
reported that for CNS neoplasm survivors they were ﬁve
times more likely to be unemployed as adults than controls
(OR: 4.7 95 CI: 1.2–18.7).3 CNS neoplasm survivors are at a
particular increased risk for late effects such as recurrence,
progression of their ﬁrst neoplasm, endocrine, neurological
and sensory complications which could all inﬂuence employ-
ment status; these risks do not abate with period since diag-
nosis.22 In our study treatment with cranial radiotherapy was
associated with a decreased likelihood of being in employ-
ment and an increased likelihood of being unable to work
due to illness or disability. Also younger age at diagnosis
decreased the likelihood of being in current employment and
increased the likelihood of being a student or being unable to
work due to illness or disability. Both cranial irradiation and
a young age at treatment are associated with neurocognitive
deﬁcits,23 which could reduce employment opportunities for
such survivors. Previously from the BCCSS, both cranial irra-
diation and young age at diagnosis were shown to be associ-
ated with reduced educational attainment in the survivors.24
In addition, health problems that these survivors are known to
experience at an increasing level as the survivors age,25 could
be impeding their employment opportunities. Previous studies
that considered diagnosis with speciﬁed medical conditions
and employment found an association with an increased likeli-
hood of unemployment for: epilepsy/motor impairment3; hear-
ing loss, blindness, heart or lung disease, stroke and
depression26; one or more chronic medical condition19; recur-
rence and a SPT.4 In the BCCSS, survivors diagnosed with a
SPT, epilepsy, a hearing problem, a visual problem or a recur-
rence were all less likely than those without such a diagnosis to
be in current employment. Survivors diagnosed with a SPT,
epilepsy, a hearing/visual problem or a recurrence were more
likely than those without such a diagnosis to be unable to work
due to illness or disability. In relation to age at questionnaire
completion the likelihood of being unable to work due to illness
or disability increased with age and the likelihood of employ-
ment also increased with age but only until 40 years. The for-
mer could be a consequence of the accelerated late effects seen
with aging in the survivors.25
Current follow-up guidelines for childhood cancer survivors
in Great Britain suggest that survivors diagnosed with cancer
and in particular those who received cranial irradiation, were
treated at a young age and/or had a CNS neoplasm should have
regular cognitive assessment and educational support should be
offered as well as support for obtaining employment.27,28 Guide-
lines in the United States recommend yearly psychosocial assess-
ment with particular emphasis on following educational and
vocational progress for all types of cancer diagnoses, although
the highest risk is noted in CNS neoplasm survivors and those
who had CNS directed treatment.29 This study has provided evi-
dence of factors associated with employment and occupational
level such as epilepsy, hearing or vision problems which could be
targeted in interventions and in follow-up clinics to help survi-
vors achieve their full potential in gaining suitable employment.
As suggested by others interventions for childhood cancer survi-
vors should target physical health barriers to employment, as
well as screening for mental health and neurocognitive prob-
lems.30 The Department of Health 2011 Strategy for Cancer31
highlights deﬁciencies in current cancer follow-up which is fail-
ing to meet the psychosocial needs of patients following treat-
ment. As a result, a holistic needs assessment tool has been
developed which can be used in the clinical setting, to identify
psychological, social, spiritual, ﬁnancial, employment and educa-
tional needs which can then be addressed through support and
signposting to appropriate services.32
The key strengths of this study were that employment status
was available on over 10,000 survivors who had been followed
up for a considerable period of time from diagnosis; over a
quarter of them were aged 35 years or older at questionnaire
completion. The BCCSS is also population-based and includes
most adult survivors of childhood cancer diagnosed in Britain
between 1940 and 1991. Other studies have used cohorts of
adult survivors of childhood cancer from selected cancer
centres which could affect the generalisability of the results to
all childhood cancer survivors in the population.
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Conclusion
Obtaining employment and professional occupations is a
problem for some groups of childhood cancer survivors, in-
particular for cranially irradiated CNS neoplasm and leukae-
mia survivors. Several factors were associated with employ-
ment status and occupational level such as childhood cancer
type, radiotherapy and medical conditions, for example, epi-
lepsy, which could indicate where intervention might be best
directed to support survivors in maximising their chance of
attaining employment and professional occupations.
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